Changes in work practices have led to a decline in the opportunities for anaesthetic trainees to learn technical procedures in supervised practice. Efforts to mitigate medical error and other changes have coincided with the development of alternative training methods so that it is increasingly difficult to justify the traditional model of teaching technical procedures.
"Invasive procedures are difficult to learn because they require an understanding of complex threedimensional anatomy and tactile skills... This inherent complexity inevitably leads to a high complication rate and steep learning curve." 1 This quotation highlights the challenge of learning technical skills in clinical practice. In spite of the steep learning curve, the mainstay of technical skills teaching in anaesthesia remains supervised initial practice on patients. In a survey of Australian registrars learning epidurals, the most common teaching method received by all registrars was described as "guided practical experience on patients provided by a senior registrar or consultant" 2 . This is also the norm internationally, with similar descriptions from Brazilian 3 , North American and British authors 4 .
A review in the British Medical Journal lamented that "currently, training in technical procedures is often unsystematic and unstructured" 4 , which emphasises that this situation is not confined to anaesthesia.
There is, however, a growing recognition that this haphazard approach to technical skills training is no longer acceptable. Reviews and editorials have pointed out that there are compelling reasons for a more structured approach to teaching procedural skills [4] [5] [6] [7] [8] . For example, an editorial in the New England Journal of Medicine stated, "It is no longer acceptable, or appropriate, for students at any level of training to practice new skills on patients, even if they have a patient's explicit consent" 6 .
While this consensus has been building in medical education, the clinical learning opportunities for our trainees have been decreasing. There are fewer opportunities to learn on patients due to a decreased tolerance for medical error and an increasing reluctance to accept risk to patients from learners 4, [6] [7] [8] . Both the complexity of patients and the surgery they are offered have increased in training institutions, providing less suitable opportunities for novices to learn 4, [8] [9] . less time is available for training, with the increasing emphasis on efficiency and cost savings in health care delivery [8] [9] . The ethics of learning on patients when inanimate alternatives are readily available, and hence exposing both patient and learner to avoidable risk, have also been questioned 5 .
Concurrently, trainee exposure to clinical procedures has decreased. Many factors have contributed, including fewer working hours [4] [5] [6] 9 , and increased time spent in perioperative assessment clinics, pain rounds and in providing anaesthesia care outside the operating theatre 10 . Technique changes, such as the use of the laryngeal mask airway 11 and the use of regional anaesthesia for caesarean delivery, have also reduced the opportunity to acquire intubation skills.
Recently there have been two audits of the intubation learning opportunities experienced by anaesthesia trainees [10] [11] . The authors of both suggest that supervised airway management may not have provided adequate learning by the time the trainees began unsupervised practice.
Initial training in technical procedures on patients is thus becoming more difficult to justify while the opportunities for trainees to access it decline. There is a solution to this problem, however. There is a need for educational interventions, based on our understanding of the principles involved in the acquisition of motor skills and the development of expertise, to allow us to prepare trainees before patient contact and to document competence before trainees begin unsupervised practice.
Weller and Segal expressed this succinctly in a recent editorial: "We need to adapt our training to the changing environment and develop evidence-based approaches to teaching and assessing procedural skills" 12 .
SIMulATION
The major trend in recent years in technical skills training has been to utilise alternatives to patient contact. While live animals and cadavers are used for some purposes, they both have drawbacks limiting their use 8 . For the most part this has meant there has been an increasing use of simulators in a variety of forms.
As an educational environment, the advantages of simulation are well documented.
learning can be focused on trainee needs, not • patient needs. learners can focus on whole procedures or specific • components.
learners have the opportunity to perform a • procedure many times in quick succession, compressing the time required for training, as it is no longer limited by clinical opportunity. learners have a safe environment where they • can be allowed to learn from their mistakes rather than be rescued by their supervisor to keep the patient safe. Simulators can provide objective evidence of • performance, offering potential for their use for assessment, both formative and summative 5, [13] [14] .
These features have underwritten the rise in the use of simulation in anaesthesia for teaching crisis management and non-technical skills. They also need to be utilised in the delivery of simulationbased education for technical skills.
THEORETICAl BASIS FOR uSE OF SIMulATION IN TECHNICAl SKIllS TEACHING
Simulation has been criticised because often the focus is on the technical wizardry it represents rather than the educational rationale for its use [14] [15] . yet there is increasing recognition of the theoretical basis for the use of simulation.
Fitts and Posner's three-stage theory of motor skill acquisition
Fitts and Posner postulated a theory of motor skill acquisition in the 1960s that has been widely accepted as the basis for teaching technical skills 16 . It has been well summarised more recently by Reznick and MacRae 8 .
The three stages are: cognition, integration and automation.
The cognitive stage describes initial experience where the learner "intellectualizes the task; performance is erratic, and the procedure is carried out in distinct steps".
The integrative stage is where "knowledge is translated into appropriate motor behaviour". While the learner is still thinking about the individual steps, with practice and feedback performance becomes more fluid.
The autonomous stage is where the learner performs the entire task smoothly and continuously, no longer having to think about the steps involved.
It can be argued that declining learning opportunities in clinical practice and the need to maximise patient safety dictate that the cognitive stage and much of the integrative stage should occur before learners practise on patients.
A recently described aspect of the use of this model is the recognition that automation of technical aspects of a procedure allows practitioners to devote attention to other aspects of clinical performance, such as new knowledge acquisition and clinical decision making 17 . This is supported by the well established principle that our attention capacity is limited: that "we can only attend to a finite amount of information or stimuli at any given time" 17 .
In contrast to experts, novice learners have more of their attention devoted to basic psychomotor aspects of performance. This means they have fewer mental resources available for the other non-technical aspects of performance.
The 'pre-trained novice'
This has led to the concept of the 'pre-trained novice', a learner who already has the basic psychomotor skills required for a procedure before encountering a patient 17 . Such a pre-trained novice can obtain proficiency in a particular skill without patient contact 18 . By automating psychomotor aspects of performing the procedure, the pre-trained novice has additional attentional capacity to devote to other aspects of the procedure, such as communication and decision-making 17, 19 . The pretrained novice is not only an intellectually attractive concept, it has recently been elegantly demonstrated by Stefanidis and colleagues 20 . using a laparoscopic suturing model, trained novices were able to perform at a similar level to experts and much better than surgical residents or untrained novices. When a second task designed to further tax their attentional capacity was added, the untrained novices and surgical residents needed to focus all their attention on suturing and were unable to perform the second task at all. The experts and trained novices were able to maintain their superior performance in suturing while performing the second task. The experiment demonstrated that trained novices did have spare attentional capacity to allocate to other tasks.
Deliberate practice
Ericsson has described the concept of deliberate practice, which is fundamental to procedural learning. This has been explored in the development of expertise in many fields, particularly sport, music and chess, and has as its primary goal the improvement of a specific aspect of performance 21 . In a review of medical simulation, the key features of deliberate practice were summarised as: "(a) repetitive performance of intended cognitive or psychomotor skills in a focused domain, coupled with (b) rigorous skills assessment, that provides learners with (c) specific, informative feedback, that results in increasingly (d) better skills performance, in a controlled setting." 22 Repeating the procedure is not enough on its own; motivation and feedback are also essential if performance is to continue to improve 14, 21 . Any curriculum that intends for learners to obtain the benefits of deliberate practice must ensure these are incorporated.
Deliberate practice has been described as "massed", i.e. one long session or "distributed", i.e. multiple shorter sessions 17 . This has been investigated in other fields and the evidence is that distributed practice is superior 14, 17 . This superiority has been confirmed in a study of surgical residents trained using simulation to perform microvascular anastomosis. The residents whose deliberate practice was distributed had superior skills in a retention test in a live animal model 24 . This has important implications for curriculum design, as multiple shorter sessions are generally more difficult to deliver than a single block session, which is currently favoured for workshops in anaesthesia.
Situated learning
Situated learning theory emphasises the context of learning and the culture within which the learner develops. In this theory, practising on isolated models is not enough, as the learning experience needs to reflect the context of everyday practice 14 . This leads to the recognition that learning activities need to be designed to encompass the whole procedure in the context in which it will be performed. Incorporating the non-technical skills of professional practice, and using an environment that reflects the real world the trainee will encounter, provides context for the deliberate practice of technical skills described above 25 . One way this can be achieved is to use simulated patients together with simulators. This has been described for other technical procedures such as venepuncture and wound closure 26 and could be developed for use in epidural insertion and other techniques that anaesthetists perform on awake patients. For example, an epidural simulator can be attached to the back of a simulated patient and the entire procedure can be simulated, from pre-epidural consultation to assessment of effective block.
The Dreyfus model of skill acquisition
The Dreyfus model of skill acquisition, which outlines the progression from novice to expert, is widely accepted both inside and outside medicine 27 . As described by Dreyfus, novices need context-free rules to follow when performing the task to be learnt and rely on their supervisors for perspective. Recognition of the trainees' stage of skill acquisition has implications for what sort of educational intervention is required:
"Novices learn in a contingent fashion… Educators can support novice learning by simply providing information, helping the novice set learning priorities and supporting the novice during the time they feel overwhelmed." 28 "...since novices have no experience of the situation they face, they must be given rules to guide their performance." 29 Thus an educational intervention aimed at novices must provide basic information and clear rules that can support initial practice. One theoretical basis for this role in facilitation can be understood from the concept of 'scaffolding' or temporary learning support, which has been incorporated into the cognitive apprenticeship model of learning 23 . The facilitator's help allows the trainee to progress beyond their current capabilities and this help is supplied only to the extent required and 'fades' with increasing competence 14, 17, 23 .
The facilitator hence has a crucial role in supplying motivation, assessment and feedback for deliberate practice, providing temporary learning support when required and helping the learner to anchor their learning in the context in which it will be practised.
FRAMEWORKS FOR THE uSE OF SIMulATION IN TECHNICAl SKIllS TEACHING
The recognition that procedural skills' training using simulation requires a structured and systematic approach has led to the development of a number of descriptive frameworks 7, 17, 19, 25, 30 . While there are differences in application, they share a common basis in the three-stage theory of skill acquisition and emphasise the role of deliberate practice with assessment and feedback. When informed by the recognition of the requirements of novice learners and with the integration of non-technical skills where appropriate, they form a sound basis for technical skills teaching in anaesthesia.
As an example, in the Systematic Training and Assessment of Technical Skills system, Aggarwal and colleagues 25, 30 have described five major components:
knowledge-based learning, 1.
task deconstruction, 2.
training in a laboratory environment, 3.
transfer of skills to the real environment, 4.
granting privileges for independent practice.
5.
Importantly, assessment is incorporated at each stage of the model.
Knowledge-based learning
Aggarwal et al 25, 30 divides the knowledge required into the following categories: pre-procedure assessment, preparation, anatomical knowledge, safety and limitations of specific instruments, ergonomics and post-procedure management.
While these divisions have been produced with surgical procedures in mind, they could be readily adapted for anaesthetic technical procedures.
Task deconstruction
This component is performed by the trainer(s) rather than the trainee. Task deconstruction has arisen because of the problems that occur when expert performers attempt to teach novices. The expert often cannot describe what he or she does, as much of their knowledge and actions have become automated and are no longer consciously accessible. By deconstructing the procedure into its constituent steps, these can be "captured and taught to others" 31 . This task deconstruction, also described as task analysis, is regarded as the most critical part of the process of instructional design and has been in use outside medicine since the early 20th century 31 . Examples of task analysis in the technical skills literature include its use to teach central vein catheter insertion 32 , surgical decision-making in flexor tendon repair 33 and colonoscopy 34 . The process involved in task analysis has been usefully summarised by Phipps and colleagues 35 : Identify the general task goal.
1.
Identify the behavioural or cognitive steps that 2.
need to be combined in order to achieve the goal. These are known as the subordinate goals or sub-goals.
Having identified the sub-goals, define the 3.
circumstances under which each is carried out and the order in which they are conducted. This information is used to describe the plan for the overall goal. This process can then be repeated for each sub-4.
goal until a sufficient level of detail is reached. This may be when further decomposition of the sub-goals is impossible or when it is judged that it will add no further value. The task analysis allows the trainer to identify the rules that novices require from observation of, and reflection on, the expert performance.
Comparison of novice and expert performance of the individual sub-tasks allows identification of subtasks where performance differs most 25 . These can simulation anD teChniCal skills teaChing Anaesthesia and Intensive Care, Vol. 37, No. 6, November 2009 then be selected for prioritisation in instruction in the skills laboratory. For example, in a laparoscopy training program, task analysis identified "clip application" and "lifting and grasping" as the steps that accounted for most of the difference in performance between novices and experts, and these were then the major focus for training 30 .
Training in a laboratory environment
Once the sub-tasks to be taught have been elucidated, the next step is to find a suitable model for training. In a purely technical skill, this involves finding an appropriate analogue for the patient, which may be a cadaver, animal or a synthetic or computer simulator as discussed above. In anaesthesia there are simulators available for procedures as diverse as epidural insertion, central venous access and airway management. A review in 2007 identified 35 simulators relevant to anaesthesia and suitable for teaching technical procedures 36 .
An important aspect of the Systematic Training and Assessment of Technical Skills model is the need to measure performance so that progress through training is proficiency based 7 . This should include mastery of procedural knowledge before technical skills training begins. Proficiency is demonstrated only when the training task can be performed reliably. The training needs to provide enough opportunities for practice so that proficiency can be demonstrated, rather than a prescribed number of procedures. This is analogous to "mastery learning", where the educational outcomes are uniform, although the time taken to achieve them varies amongst trainees 22 . An example is a course to teach residents thoracocentesis using simulation, where 37 of the 40 medicine residents (93%) achieved mastery within the standard four-hour thoracocentesis curriculum provided, but the remaining three residents (7%) needed extra time ranging from 20 to 90 minutes to reach mastery 37 .
It has been noted above that there is theoretical support for teaching technical skills in context, rather than in isolation, to aid trainees in transferring them to the clinical environment. Kneebone has stated, "simulation … must reflect the contextual realities of everyday practice if it is to provide an effective adjunct to clinical experience" 14 . To this end, his group at Imperial College have pioneered using simulated patients with inanimate models to provide this context and allow simulation to include both technical and communication skills 26, [38] [39] [40] . While obviously unnecessary for procedures routinely performed on anaesthetised patients, this integration of technical and non-technical skills teaching would appear desirable for the majority of procedures to be learnt in anaesthetic training. The 'pre-trained novice' who has gained some automaticity of the psychomotor skills will potentially have more attentional capacity spare for non-technical performance after technical training. Also, novices should be more fully prepared to perform technically in a real environment if they have simulated the performance in a similar context.
Transfer of skills to the real environment
While performance in the simulated environment is a necessary step in training, the ultimate aim is to improve actual real-world performance. This requires supervised practice until an acceptable standard of proficiency is reached, and verification of readiness for practice without direct supervision. ultimate outcomes for technical performance that can be used for assessment include error analysis, failed procedure rates and records of complication rates 25 . While the use of error analysis and complication rates have not been documented in anaesthesia, analysis of failed procedure rates using the cusum method has been described [41] [42] [43] .
More commonly, verification relies on the completion of assessment forms by supervisors. In the literature there are two popular models, the task-specific checklist, best exemplified by Objective Structured Assessment of Surgical Skills (OSATS) 44 , and the generic procedural checklist, best exemplified by Directly Observed Procedural Skills (DOPS) 45 .
OSATS is procedure specific, with up to 30 items, where item performance is graded as not performed, performed poorly or performed well. OSATS also incorporates a global assessment, which is based on the evidence in the literature on Objective Structured Clinical Examination that global assessments of performance are as valid as checklists 8 . An example is the use of video recording and an assessment form based on OSATS to assess epidural performance of trainees in a Canadian hospital 46 . Checklists of this nature are often based on the task deconstruction phase described above and can be used both in the simulated and real environment.
DOPS uses a generic list of the steps in any procedure with a six-point scale for items that record a global judgement of such facets as technical skills, communication and professional behaviour. An example is the use by Kneebone and colleagues of a DOPS-based form in their assessment of procedural skills performed on simulated patients 26 . DOPS has recently been introduced by the Royal Australian College of Surgeons and is currently being considered for use by the Australian and New Zealand College of Anaesthetists.
VAlIDITy OF SIMulATION-BASED TRAINING
While the rationale for using simulation to teach procedural skills can be considered well established, what is the evidence of its effectiveness? Evaluation of simulation as an educational tool must be considered against the backdrop of evaluation of educational interventions in general. This is a perennial problem 47 . Much has been written about the dearth of evidence in education and the deficiencies in what is available [48] [49] [50] .
A commonly used grading of the quality of evidence in educational research is that proposed by Kirkpatrick 51, 52 . The hierarchical grading classifies evidence in terms of the degree of behavioural change it signifies. The highest level, level four, termed Evaluation of Results, measures the transfer of learning to patient outcome. level three, Evaluation of Behaviour measures the transfer of learning to the workplace. level two, Evaluation of learning measures the knowledge or skills acquired. level one, the lowest level, is termed Evaluation of Reaction and measures attributes of the learner such as satisfaction or happiness.
Clearly, measurement of improved patient outcomes secondary to an educational intervention, which is level four, would be the gold standard. In practice this is very difficult to achieve and assessment at the lower three levels is much more common. Evidence of transfer of skills to the workplace using the methods discussed above, i.e. level three, is already available for simulation-based training of procedural skills.
An early example in anaesthesia is provided by Naik and colleagues in 2001 53 . They used a simple model to teach fibreoptic intubation and compared this to didactic teaching. In a randomised blinded trial, those who had received the simulation training performed better on both checklist and global rating when intubating a patient.
While there is some evidence from endoscopy training, where it has been demonstrated, for example, that novices require less supervisor assistance and complete more gastroscopies independently after simulation-based training 54 , the majority of the evidence for successful transfer of skills learnt in simulation to the real environment comes from training in laparoscopy.
As early as 2002, a prospective randomised controlled trial, using blinded observers, showed less observed errors and decreased operative time during gallbladder dissection after simulation training 55 . Another blinded randomised controlled trial showed that simulation training resulted in greater improvement in error reduction, economy of movement and operative time for novices performing laparoscopic cholecystectomy 56 . Although these two papers focused on the parts of the operation taught in simulation, a later study confirmed these results while evaluating the whole operation, with a threefold reduction in errors demonstrated 57 .
In summary, there is now a growing body of evidence, of which this is but a sample, to support the use of simulation to teach procedural skills.
CONCluSION
There is increasing recognition that our traditional methods of teaching technical skills are no longer the most appropriate and that as clinical learning opportunities decrease, we cannot rely upon them to ensure trainees gain competence. local audits of anaesthetic trainee experience with intubation have confirmed that this issue is relevant in Australasian anaesthesia. The theoretical underpinning for teaching using simulation is now well established, with existing frameworks for teaching technical skills that have been used successfully in other specialties. There is a growing body of evidence supporting their effectiveness. There are many simulators available that could be used, in conjunction with these frameworks, to deliver educational interventions to teach technical skills to trainees. Future anaesthesia trainees will approach their first procedures on real patients with confidence as pre-trained novices if we, their teachers, use the technology and educational theory now available to us.
